We present a description of a new 1024x1024 Si:As array designed for ground-based use from 5 -28 microns. With a maximum well depth of 5e6 electrons, this device brings large-format array technology to bear on ground-based midinfrared programs, allowing entry to the megapixel realm previously only accessible to the near-IR. The multiplexer design features switchable gain, a 256x256 windowing mode for extremely bright sources, and it is two-edge buttable. The device is currently in its final design phase at DRS in Cypress, CA. We anticipate completion of the foundry run in October 2005. This new array will enable wide field, high angular resolution ground-based follow up of targets found by space-based missions such as the Spitzer Space Telescope and the Widefield Infrared Survey Explorer (WISE).
INTRODUCTION
The current state of the art mid-infrared focal plane arrays for high background applications have 128 x 128, 256 x 256, or a 320 x 240 pixel formats. Designed by DRS in Cypress, CA, our team is building the first 1024 x 1024 Si:As array optimized for ground-based use. This new chip, dubbed MegaMIR (Megapixel Mid-IR array), provides a 13-to-64x array format increase and benefits primarily from the recent developments in megapixel format, low background FPAs for space-based astronomy missions such as WISE (Wide Field Infrared Survey Explorer) and JWST (James Webb Space Telescope). The MegaMIR chip benefited from these designs, with key design modifications to accommodate the high background fluxes integral to ground-based use. With this new design, mid-infrared arrays now enter the megapixel realm formerly occupied only by near-infrared and visible devices.
SCIENTIFIC MOTIVATION
Although a ground-based mid-infrared camera cannot match the sensitivity of a cryogenic space-based telescope such as the Spitzer Space Telescope, there are many advantages in upgrading the largest telescopes in the world with what will be the largest midinfrared array in the world. The aperture of the Spitzer Space Telescope is 0.85 m; hence, its spatial resolution is 2-7 arcsec, compared MegaMIR on 8m telescope: ~100" x 100" FOV 10" x 10" LWS 32" x 24" Michelle on Gemini
MegaMIR on 8m telescope: ~100" x 100" FOV 10" x 10" LWS 32" x 24" Michelle on Gemini 10" x 10" LWS 10" x 10" LWS 32" x 24" Michelle on Gemini The MegaMIR 1024x1024 array will permit critical sampling over an ~100" field of view on an 8 m class telescope. This combination of high spatial resolution and a wide field will allow effective exploration of extended emission regions, including those taken from the Spitzer and WISE data bases. In addition, whole disk images of the large planets -Jupiter, Saturn, Mars, and Venus -can be obtained in a single exposure. For small extended sources, such as planetary nebulae, for example, the large field of view provided by the MegaMIR array will permit on-chip chopping and nodding for maximum efficiency. For such investigations, the MegaMIR array will be one to two orders of magnitude more efficient than current MIR detectors which are no larger than 240 x 320 pixels. For example, the
MIRLIN (on Keck) image of the Galactic Center
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MegaMIR on 8m telescope: ~100" x 100" FOV 10" x 10" LWS 32" x 24" Michelle on Gemini Figure 2 illustrates the improvements to imaging of the Galactic Center that the MegaMIR chip on an 8 m telescope could provide. Figure 3a shows a Spitzer image of a portion of a nearby star formation complex. The color code is blue=3.6 µm, green=8.0 µm, and red=24 µm. Figure 3b shows a blow up of a particularly interesting and crowded region of the Spitzer image. The field of view is 100 x 100 arcsec, equal to that of MegaMIR on an 8 m telescope. Figure  3c shows a ground-based H (blue), K (green), and molecular hydrogen (red) image of the same region at 0.35 arcsec resolution, showing a complex cluster of sources with a dynamical lifetime of ~20,000 yrs. MegaMIR can measure the thermal infrared emission from these objects at similar spatial resolution, determining the luminosity and dust mass of each of these protostars. As a flux reference, the bright source on the left edge of Figure 3b that is not visible in 3c is roughly 85 mJy at 8 µm and thus easily detectable with MEGAMIR. At the distance of ~300 pc, this corresponds to less than a solar luminosity in the 10 µm band.
Extragalactic science also stands to benefit from the MegaMIR array. Figure 4 depicts a Spitzer Space Telescope image of the nearby spiral galaxy M81 (Gordon et al. 2004 ). As shown in the figure, the MegaMIR array with its wide field of view on an 8 m telescope will enable rapid follow up of multiple 100 " 100 " 100 " Figure 3a : Spitzer image of a portion of a nearby galactic star formation complex. The color code is blue=3.6 µm, green=8.0 µm, and red=24 µm. 3b) Blow up of a particularly interesting and crowded region of the Spitzer image. The field of view is 100 x 100 arcsec, equal to that of MegaMIR. 3c) A ground-based H (blue), K (green), and molecular hydrogen (red) of the same region at 0.35 arcsec resolution. The circles indicate objects that are visible in the mid-infrared, but not in the near-IR, illustrating the need for dust penetrating mid-IR observations. extragalactic star forming regions with 10x higher spatial resolution than Spitzer can provide. The MegaMIR array is sensitive enough to see individual pre-main sequence stars and evolved dusty AGB stars at a distance of 1 Mpc at 10 µm (e.g., the distance of M31). MegaMIR's angular resolution is high enough to allow detailed studies of extended star forming regions discovered by Spitzer.
Grism spectroscopy using the MegaMIR array will enable important investigations with in planetary, galactic, and extragalactic science. Since objects that are confused in the Spitzer Infrared Spectrograph's 3 arcsec beam can now be sorted out into their individual components, e.g. galactic nuclei/disks, the polar regions and individual cloud complexes in Jupiter and Saturn's atmospheres, etc. Interestingly, MegaMIR's resolution of Jupiter on an 8 m telescope (900 km) exceeds that of the Voyager IRIS instrument, the Galileo PPR, and the Cassini CIRS -all of which were actually at the planet. Low resolution (R~500) spectroscopy of Jupiter with high spatial resolution over a large field of view will enable studies of cold airmass polar vortices, spectroscopic searches for gasses, polar auroras, the para-to-ortho H 2 fraction, and time-varying studies of storms and merging giant vortices. Figure 6 depicts a sample of low resolution spectroscopy using the MegaMIR chip compared with the Spitzer low resolution slit. The Spitzer Infrared Spectrometer (IRS) low resolution module has a 3.7" wide slit, compared with the 0.3" slit possible with MegaMIR.
The results of our group's work with the MIRLIN camera (Ressler et al. 1994 ) together with those obtained by other groups dramatize the scientific power of a thermal infrared camera on a large telescope. 
MegaMIR FPA
The MegaMIR focal plane array (FPA) is a Si:As blocked impurity band (BIB) detector array hybridized with indium bump bonds onto a CMOS multiplexer. The multiplexer features four independent 512 x 512 quadrants using direct injection unit cells. Four outputs are provided per quadrant for a total of 16 outputs. A non-destructive read mode is possible. The array is two-edge buttable, allowing it to be dense-packed (see Figure 7) to form a 2048 x 2048 array. The array can also be operated in a 256 x 256 high speed window mode for extremely bright sources. Here, each quadrant can be windowed to a 128 x 128 corner to produce a 256 x 256 centered window for the four quadrants packed together. The integration capacitance can be switched providing for two very different maximum well depths, 5e6 e -and 1e5 e -. The large well mode is suitable for broad and narrow band imaging, and the low gain mode is intended for spectroscopy. Table 1 gives the preliminary MegaMIR array specifications for the large well mode. 
BLOCKED IMPURITY BAND DETECTORS
Because BIB detector physics, models, and performance have been previously documented , Petroff et al. 1985 , Reynolds et al. 1989 , only the salient features of these devices are summarized here. BIB detectors effectively use the hopping conductivity phenomenon associated with "impurity banding" in relatively-heavily-doped semiconductors (specifically single-crystalline Si:As or Si:Sb for this discussion). In particular, a BIB detector comprises two thin epitaxial layers placed between planar electrical contacts; a relatively heavily-doped infrared-active layer and an undoped or lightly-doped blocking layer. Figure 8 illustrates the structure of a BIB detector constructed to allow back-illumination through a transparent silicon substrate. All active detector structures are fabricated on the front side of the undoped single-crystal substrate wafer.
Both low-and high-flux versions of the BIB detector have been refined over a number of years. Significant adjustments to the detector design have to be made to optimize for high-flux operation. These adjustments included changes in doping profiles and layer thicknesses and tailoring buried contact resistivity to allow for the larger current densities experienced in the higher photon flux environment. Additional detector design and process improvements were also made to eliminate excess low-frequency noise (ELFN) that has been observed in BIB detectors operated under high infrared background conditions. 6 This noise originates from space-charge fluctuations in the detector's blocking layer and manifests itself as a "white" noise at low frequencies with a roll-off at higher frequencies, as illustrated by the curve labeled "EARLY HFPAs" in Figure 9 . The noise at higher frequencies is shot noise due to the photon background to which the noise curves are normalized. The improvement realized in high-background detectors developed for a passive seeker application is evident in the curve labeled "IMPROVED HFPAs," which has essentially no ELFN. The data were obtained on fully-functional HFPAs. The roll-off frequency for ELFN is directly proportional to the background flux; thus, ELFN is generally not an issue for low-background arrays.
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